. It must, of course, be remembered that in these experiments the inoculum, and hence the antigenic stimulus, was very large, certainly more than would be found in the early days of a new natural infection.
The most useful smooth strain, GI, picked out 84o% of females and 46 0^of males from a group of patients known to have gonorrhoea, but only gave 2 % positives among controls. The rough strain, G2, gave 10 % positives in controls and 31 % in patients. The results suggest that the method is worth developing further as a diagnostic test and that strain differences are important. False positives were probably due to cross-reacting antibodies.
A good serological test is urgently needed for the diagnosis of gonorrhoea, particularly in women where cultural methods are unsatisfactory. Such a test would also be valuable in epidemiological work where technical and psychological difficulties make widespread cultural investigations impracticable. The possibility of developing a serological technique has seemed more likely since the demonstration of an early antibody response to experimental infection (Cohen, Kellogg, and Norins, 1969) . It must, of course, be remembered that in these experiments the inoculum, and hence the antigenic stimulus, was very large, certainly more than would be found in the early days of a new natural infection.
The traditional gonococcal complement-fixation test (Price, 1930) is used in the diagnosis of chronic rather than acute cases and even then is not regarded as very reliable. In recent years several new tests have been described though none are yet in routine use.
Cohen and his coworkers (Cohen, 1967; Cohen et al, 1969 ) detected antibodies to gonococci in patients with gonorrhoea by means of a fluorescent technique. They also found antibodies in some normal subjects but there were differences in the specificity, titre, and class of immunoglobulins involved. Reising and Kellogg (1965) (Schmale, Danielson, Smith, Lee, and Peacock, 1969) . In a complement-fixation test the A antigen reacted with 7200 of sera from infected females, 20% from infected males, and with no normal sera (Reising, Schmale, Danielson, and Thayer, 1969) .
Another protoplasmic antigen, B, has also been described (Lee and Schmale, 1970 (Martin, Peacock, Reising, Kellogg, Ribi, and Thayer, 1969 The major antigens concerned in the bactericidal reaction are lipopolysaccharides. These antigens could also be used to sensitize red cells for a haemagglutination test, and it was noticed that they then showed more cross reactions with a range of specific antisera than they did in the bactericidal reaction (Glynn and Ward, 1970) .
We report here the results of a preliminary investigation into the diagnostic possibilities of the haemagglutination reaction. The antigens used were lipopolysaccharides from three serologically different strains of N. gonorrhoeae. These particular three were selected because from the bactericidal results GI was found to be common among strains of N. gonnorhoeae, and G36 to be relatively rare. G2 is thought to be a partially degraded lipopolysaccharide from a rough strain. (Maeland, 1968) . Identical preparations had previously been shown to be lipopolysaccharide in nature (Glynn and Ward, 1970) .
The strains of gonococci used were of different serogroups when tested in the bactericidal reaction. Strains Gl and G36 were isolated from patients attending the Venereal Diseases Clinic at St Mary's Hospital. Strain G2 was from the National Collection of Type Cultures, Colindale (NCTC 8375). The strains, together with the methods of culture and subculture, have been previously described (Glynn and Ward, 1970; Ward and Watt, 1971) . HAEMAGGLUTINATION REACTION In order to avoid the problem of variable sensitization between preparations made at different times, large batches of red cells were preserved by treatment with glutaraldehyde (Bing, Weyand, and Stavitsky, 1967) . After treatment with alkali (Davies, Crumpton, Macpherson, and Hutchison, 1958) Comparison by t test showed that for all strains the patients' GMT was significantly greater than that of the controls (P<0-001).
Female patients had a significantly higher titre thsn male against strain GI (P <0 025), but not against strain G2 (P >0.25) or strain G36 (P>002)
Comparison of sample variances by the F test showed significantly greater dispersion of control compared with patient titres. alone and unsensitized red cells in dilutions of the sera.
Results
The distribution of haemagglutination titres of patients and control sera tested against red cells sensitized with lipopolysaccharides from the three strains of gonococci used is given in the Figure. Forall three strains the geometric mean titre of the patients' sera was significantly greater than that of the controls (Table I) . Female patients had slightly higher titres than males, the difference being statistically significant for tests against GI but not G2 or G36 lipopolysaccharides. The women had all been infected for at least a month but further subdivision by length of infection was not possible. In the men there were no significant differences in titre according to the duration or number of infections. There were no significant differences between male and female control sera.
If the upper limit of normal is taken as four times the geometric mean titre of the control sera for each antigen, then there was a clear difference between M. E. Ward and A. A. Glynn the percentage positive in patients and controls (Table II) . There were few positive controls with the smooth strains GI and G36, markedly more with the rough strain G2. There were nearly twice as many positives among female as compared with male patients with strain GI, but no difference with strain G36. Strain G2 gave fewer in both sexes. that of the patients' sera. There was no significant difference in variance between male and female sera in either patient or control groups. The variability among control sera was least with the G2 antigen.
Because the degree of red cell sensitization differed for each of the three lipopolysaccharide preparations, it is not possible to make a strict comparison of serum titres against the different antigens. However, examination of the overall results suggests that the cells treated with GI lipopolysaccharide were about half as sensitive as those treated with G2 or G36.
Discussion
This preliminary study of the distribution of antibody to three gonococcal lipopolysaccharides shows a clear distinction between normal and infected populations. In any individual serum there was a 2-4 % chance of a false positive result. The chance of a false negative result varied but with the best strain was 16 % for female patients, who are the group in whom a serological test is most needed. Not surprisingly the results using a rough strain of gonococcus showed much less specificity. Moreover, there is no certainty that GI and G36 had not lost some antigenic specificity; other, perhaps fresher strains might do better. False-positive reactions were presumably due to cross-reacting antibodies originally raised against non-pathogenic Neisseria and other organisms (Glynn and Ward, 1970 Patients usually responded to all three antigens, though not to the same degree. Whether some unsuspected common antigenic determinant was involved or whether most patients had been exposed to a large variety of gonococci is not known. It is likely that the alkali treatment of lipopolysaccharides needed to attach them to red cells reduced their specificity somewhat (Ciznar and Shands, 1970) .
It was surprising that for G36 the mean titre in female patients was the same as in males and that for all strains the frequency or duration of attacks also had no detectable effect on the antibody level. The situation is reminiscent of the antibody response to a Haemophilus influenzae antigen found in patients with chronic bronchitis (Glynn, 1959) . Here too antibody levels were unaffected by acute attacks or duration of illness except that they tended to be higher after 10 to 20 years. In both gonorrhoea and chronic bronchitis there are infections of a mucous membrane with little penetration by bacteria and a relatively small antigenic mass.
